In this paper, ordered weighted averaging (OWA) operator proposed by Yager was introduced into field of river water quality assessment. Water quality assessment model based on improved OWA operator was established. First, the monitored water quality and water environment quality standard were ordered together. Secondly, the improved operator based on arithmetic progression (AP) was applied to build up with weight. Finally, the river water quality gradation was obtained by judging the relation between river water quality and water quality standard. The model was applied to assess the water quality in Caoqiao River. The results showed that the physical concept of the model was identified with easy calculation and objective and reasonable assessment results.
Introduction
River water quality assessment is an important field in water environment management. Various methods for assessing river water quality can be classified as single-factor assessment and comprehensive evaluation. However, the results of single-factor assessment are often contradictory and incompatible (Zuxin Xu, 2005) . Comprehensive evaluation methods such as comprehensive index method, fuzzy mathematics method, matter element analysis method, projection pursuit method, neural network method, grey clustering method, Bayesian evaluation method, set pair analysis method, etc., each of which has its own advantages and disadvantages. Many scholars have made improvements and amendments to these shortcomings ( Ordered weighted averaging (OWA) operator is a multi-attribute information decision-making method proposed by Yager, an American scholar. It is an information aggregation method between maximum and minimum, which has been widely used in the fields of politics, economy, decision-making, culture and military affairs (Zeshui Xu, 2002) . However, the OWA operator is seldom applied to river water quality assessment. Since river water quality assessment can also be regarded as an attribute recognition problem, and can be judged by comparing the relationship between river water quality and water quality standards. In the application of OWA operator, the determination of weight is very important. Therefore, in this paper, the improved OWA operator is applied to determine weight in river water quality assessment. , then function f is termed as an n-dimensional OWA operator.
OWA Calculator and Its Weight
It can be seen from the definition above that OWA operator ranks data from large to small and aggregates them with weights. In addition, the element j b has nothing to do with j w , and j w is only related to the j th position in the aggregation process. By applying the operator to integrate data information, it is considered not only the importance of each data itself, but also the importance of the location of the data.
OWA Operator Weighting Method Based on Improved Equal Difference Sequence (AP)
Decision data were known as ) (
, when n is odd number,
When n is even number,
Where int () refers to the integration of values in parentheses, The improved OWA operator of the equal difference series (AP) gives a larger weight to the larger data and a smaller weight to the smaller data, which is consistent with the water quality evaluation, i.e., giving a larger weight to the severely polluted indicator.
Water Quality Evaluation Model Based on Improved OWA Operator
In water quality assessment, X is assumed to be the object space of environmental quality evaluation, which is composed of I evaluation indices and J evaluation objects, and termed as X ij ( 1, 2,... ; 1, 2,...,
). The classification criteria of evaluation grade for each evaluation index are termed as S ik ( 1, 2,..., ; 1, 2,...,
). 1) To avoid the inaccuracy due to the differences in various water quality indicators, the monitoring value and evaluation standard of water quality indicators are standardized firstly, and the standardized water quality monitoring value and evaluation standard value are obtained, and termed as ij X and ik S , respectively. 2) For the i th evaluation index, the monitoring values of J evaluation objects and criteria of K evaluation grades are sorted to obtain il Y ( 1, 2,..., ; 1, 2,...,
. The OWA o perator weighting method based on improved equal difference series introduced in section 1.2 is used to get l w to perform weighted aggregation. Finally, the OWA operators with J evaluation objects and K evaluation grades are obtained.
3) Ranking OWA operators composed of J evaluation objects and K evaluation grades to obtain the evaluation grades of J evaluation objects.
Case Study

Description of Caoqiao River
Caoqiao River is located in the north of Yixing City, Jiangsu Province with 21.5 kilometers long between Taihu Lake and Gehu Lake. Most of the reach is located in Yixing City. About 2.5 kilometers belongs to the junction of Yixing City and Wujin District, with the north bank belonging to Wujin, and the south bank belonging to Yixing. Caoqiao River converges into Wuyi Canal at the upper reaches of Dongju Village, and converges into Taige Canal at the lower reaches of Fenshui Village. Finally converges into Taihu Lake through Baidu Port. There are five routine monitoring sections along Caoqiao River, which are Zhongxi Bridge, Xujia Tank, Zhakou, Caoqiao Bridge, and Xicang Bridge, shown in Fig. 1 . Five water quality evaluation factors are selected, which are permanganate index (COD Mn ), chemical oxygen demand (COD), ammonia nitrogen (NH 3 -N), total phosphorus (TP) and total nitrogen (TN). The water quality monitoring data of Caoqiao River and the surface water environmental quality standard GB3838-2002 are shown in Table 1 . 
Where ij x is the monitored value of the j th indicator at the i th station, max j S is the maximum value of the j th indicator in water environment quality standard, ij x is the standardized monitored value of the j th indicator at the i th station, jk S water environment quality standard value of the k th grade for the j th indicator, and jk S is the standardized water environment quality standard value of the k th grade for the j th indicator. The standardized monitoring data of sections in Caoqiao River and water environment quality standard are shown in Table 2 .
For the standardized water quality indicators of monitoring section listed in Table 2 , the first step is to rank the water quality index, and then assign weights with Eqs. (1) - (2) , and sum according to definition 1 to obtain orderly weighted average values, shown in Table 3 . From Table 3 , it can be seen that the water quality grade along Caoqiao River decreased in the order of Zhakou > Grade V > Xicang Bridge > Grade IV > Zhongxi Bridge > Caiqiao > Xujia Tank > Grade III > Grade II > Grade I. As such, the results of water quality evaluation are obtained and shown in Table 4 . In addition, although the water quality of Zhongxi Bridge, Caoqiao, and Xujia Tank belong to grade IV, water quality decreased in the order of Zhongxi Bridge > Caoqiao > Xujia Tank. 
Conclusion
The OWA operator is an effective tool to solve the problem of multi-attribute pattern recognition. In this paper, river water quality evaluation model based on improved OWA operator was established, and applied to assess the water quality in Caoqiao River. The monitoring values of water quality indicators of sections and water environmental quality standard are orderly weighted average aggregated. The weights of OWS operators are determined by assigning larger weights to larger indicator value, and smaller weights to smaller indicator value. The water quality grade of the stations can be judged by the improved OWA operators. The method proposed is simple to perform with clear physical concept. It can not only judge the water quality level of the monitored stations, but also compare water quality of stations at the same grade.
